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The study was conducted to investigate the effects of swine manure rates (0, 5, 10 tonha
-1
) and irrigation 
frequencies (2 and 4 days interval) on in vitro fermentation characteristics of three herbaceous forage 
legumes (Lablab purpureus, Mucuna pruriens and Vigna unguiculata). The experiment was a factorial 
design with three replicates. The legumes were harvested 12 weeks after sowing. The results showed no 
significant (p > 0.05) difference in crude protein content for all the parameters determined while lowest 
neutral detergent fibre content was 450.00 g kg
-1
 in legumes fertilized with 10tonha
-1 
manure and the 
highest was 482.78 g kg
-1
 in unfertilized legumes. Tannin contents ranged (p < 0.05) from 3.60 g kg
-1
 in V. 
unguiculata to 6.60 g kg
-1
 in M. pruriens. Application of 10 tonha
-1 
manure caused (P<0.05) higher total 
anaerobic bacteria count (TABC) (1.65 x10
6
 cfu/ml), dry matter (63.98%) and crude protein (59.5 %) 
digestibility to be produced by the legumes compared to other manure rates. Lablab purpureus had highest 
TABC (1.13 x10
6
 cfu/ml) while M. pruriens recorded highest DMD (62.22%) and CPD (58.00%). Legumes 
irrigated at 2 days intervals had higher TABC content (1.13 x10
6
 cfu/ml) while legumes irrigated at 4 days 
interval had higher DMD (57.91%) and CPD (52.50%). In conclusion, application of 10 tonha
-1 
manure 
rate at 4 days irrigation frequency of the legumes will go a long way to improve the digestibility and 
availability of nutrients to ruminants. 
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Description of Problem 
 Ruminant productivity in tropical 
smallholder farming systems faces serious 
constraints, since majority are raised on natural 
pastures which decline rapidly in quality and 
quantity during dry season. Often the most 
limiting nutrient is protein (1). This results to 
irregularities in growth and seasonal variations 
in weights of animals. Poor condition of 
livestock in the tropics during this period is 
more likely as a result of inefficient digestion 
in the rumen and utilization of nutrients 
absorbed from low quality feeds (2). However, 
when ruminal fermentation is limited by a 
deficiency in degradable N compounds, a 
reduced protein degradation in the rumen may 
have detrimental effects on carbohydrate 
fermentation (3). Availability of high-quality 
sown forage such as leguminous crops is 
important since it supplies the nutrients that are 
lacking in grassland pastures (4).  
 The feed shortage by the ruminants can be 
met by deliberate cultivation of forages. 
However, many grasslands are characterized 
by low productivity (5). To maintain the 
quality of the legumes, provision of irrigation 
and manure for the plants will go a long way to 
supply the needed nutrients throughout the dry 
season. Organic manures are noted to improve 
the soil nutrient status thereby providing plants 
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with better nutrient uptake that is eventually 
beneficial to animals that feed on such plants 
for body maintenance and production. Such a 
profitable use will help in addressing the 
problem of manure management and disposal 
(6). Water stress affects plant growth in 
different ways such as causing impaired 
germination and poor stand establishment (7). 
Drought-induced reduction in leaf area is 
ascribed to suppression of leaf expansion 
through reduction in photosynthesis (8). A 
common adverse effect of water stress on 
plants is the reduction in fresh and dry biomass 
production (9). In order to alleviate the scarcity 
of feeds for ruminants especially during the 
dry season, there is need to supply water 
artificially (irrigation) and nutrients to the soil 
for easy plant uptake. 
 The rumen ecosystem consists of a 
consortium of anaerobic micro-organisms 
which includes the bacteria, fungi and 
protozoa. These microbes are responsible for 
the initial fermentative digestion of feeds 
consumed by ruminants to produce simpler 
constituents from which the animal derives 
vital nutrients. These microbes survive in the 
rumen under different constraints which may 
be either natural or feed associated as some of 
the feeds contain a significant amount of anti-
nutritional factors, which sometimes limit the 
growth of some of these natural microbial 
inhabitants (10).  
 The objective of this study therefore, is to 
determine fermentation characteristics, 
microbial contents and digestibility of Lablab 
purpureus, Vigna unguiculata and Mucuna 
pruriens as influenced by irrigation frequency 
and manure application rates using the gas 
production technique. 
 
Materials and Methods 
Field experiment and plant materials 
 The experiment was carried out at the 
Pasture Unit of College of Animal Science and 
Livestock Production farm, Federal University 
of Agriculture, Abeokuta (FUNAAB), Nigeria 
in November, 2014. This lies between the 










E, average annual rainfall of 1037mm). The 
climatic data for the experimental field during 
the study was presented in Figures 1. Prior to 
planting, soil samples of the experimental area 
were randomly collected from the plots at the 
depth of 0-15 cm using soil auger to determine 
the nutrient content of the soil. 
 
Experimental design and procedures 
 The experiment was arranged in a 3 x 3 x 2 
factorial in a randomized complete block 
design with plots measuring 12m
2 
and 
replicated three times. The factors were three 
herbaceous legume species (Lablab purpureus, 
Mucuna pruriens and Vigna unguiculata), 
three swine manure application rates (0, 5, 10 
tonha
-1
) and two irrigation frequencies (2 days 
and 4 days interval).  
The land was cleared and fine seed plots 
prepared. Swine manure was collected from 
the Piggery Section of the Directorate of 
University Farms, FUNAAB and air dried 
under shed for two weeks and sub-sample 
taken from the manure and analyzed prior to 
application to determine the nutrient 
composition. The manure was later applied by 
broadcasting to individual plot according to 
treatment in one application. The plots were 
left for two weeks to rest before sowing of the 
legumes. The analyzed result reveals that the 
manure contained Calcium (116.54 mg/l), 
Magnesium (65.58 mg/l), Potassium (19.1 
mg/l), Sodium (20.47 mg/l), Nitrogen (1.66 
mg/l), Phosphorus (45.47 mg/l), Manganese 
(2.77 mg/l), Iron (45.68 mg/l), Copper (0.65 
mg/l) and Zinc (2.13 mg/l).  
 The herbaceous legumes seeds were 
sourced from National Animal Production 
Research Institute, Zaria. A germination test 
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was carried out so as to know the viability of 
the seeds. The seed rates were 20kg ha
-1
 for L. 
purpureus, 20 kg ha
-1
 for V. unguiculata and 
40 kg ha
-1
 for M. pruriens. Spot planting 
method at 0.5m spacing was used. Water was 
applied at field capacity at every irrigation 
frequency (2 and 4 days interval) with average 
volume of 120,000 litre/ha throughout the 
period of the experiment.  
 
Chemical analyses 
 Forages were harvested 5 cm above the 
ground level twelve weeks after sowing and 
sub samples were taken, weighed, oven-dried 
at 65 
°
C to constant weight and milled through 
a 1 mm sieve for laboratory analyses of 
proximate composition (11), fibre fractions 
(12) and tannin contents (13). 
 The in vitro gas production was 
determined following the procedure of 14. 
Two hundred (200) mg of the milled leaf 
samples of each legume were measured into 
fibre bags, tied and put into 100 ml glass 
syringes fitted with plungers. Each sample was 
replicated ten times. After 24 h of incubation, 
the fibre bags were washed under running tap 
water to stop the fermentation. Residues were 
oven-dried at 105 
°
C for 24 hours. The dry 
residues were weighed and dry matter 
digestibility calculated while crude protein and 
neutral detergent fibre contents of the residues 
of the legumes after the in vitro were 
determined according to 11 to get the nutrients 
digestibility of the legumes.  
 The pH of the in vitro supernatant was 
determined using Hanna pH meter, model 211. 
Thirty (30) ml of the supernatants were 
decanted into separate plastic bottles and sub-
fractioned into two sets for the determination 
of ammonia nitrogen and volatile fatty acids 
(VFA) concentration using 15 and 16 
procedures respectively. The second sub-
portion was fixed with 10% formalin solution 
in a sterilized 0.9% saline solution for the 
enumeration of total bacteria, protozoa and 
fungal zoospore according to the method of 17.  
 
Statistical analysis 
 All data obtained were subjected to the 
analysis of variance (ANOVA). Means were 
separated using Duncan’s Multiple Range 
Test, 18 package. 
 
Results and Discussion 
 The physico-chemical characteristics of 
the composite soil sample taken from 0 to 15 
cm depths of the experimental site contained 
0.95% total nitrogen, 0.75% organic carbon, 
and 2.85 mg/kg phosphorus. Typically, with 
tropical soils, the soil of the experimental site 
was low in both total N and available P. Low 
levels of these elements in most tropical soils 
have been the major cause of low dry-matter 
yields of tropical forages and have prompted 
attention to the use of animal manures so as to 
enhance soil quality to improve forage 
productivity. 
 Table 1 shows the effect of manure rate 
and irrigation frequency on the chemical 
composition of M. puriens, L. purpureus and 
V. unguiculata (g kg
-1
). Legumes fertilized 
with manure recorded higher CP contents than 
unfertilized ones. The CP content recorded for 
legumes in this study surpassed the threshold 
of 6.0% (60 g kg
-1
) required by rumen 
microbes to build their body protein (19). High 
protein in the diet and especially in the forage 
should be desired as it largely determines the 
intake and digestibility (20). The higher CP 
content of the legumes was supported by 21 
who reported that one of the greatest 
contributions of legumes, is their potential to 
fix atmospheric nitrogen, resulting in forage of 
better nutritional quality and improvement of 
soil fertility.  
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Table 1:  Effect of swine manure rates and irrigation frequencies on the chemical composition of 
M. pruriens, L. purpureus and V. unguiculata  
Factors  DM CP EE Ash NFC NDF Tannin 
                                                          g kg-1    













482.78a      
 
4.30b 
5 942.50 143.21 96.83ab 118.33b 184.57 476.67a      5.00a 
10 948.33 154.90 98.58a 160.00a 174.37 450.00b     5.10a 
SEM 5.99 7.13 0.68 10.04 9.57 5.97 0.40 
Species        
Mucuna pruriens 936.67b 133.95  97.83 a 93.33 c 197.38a 477.50      6.60a 
Lablab purpureus 958.33 a 150.38  97.58 ab 154.17 a 175.53 b 461.94      4.10b 
Vigna unguiculata 933.33 b 148.68 95.58 a 130.00 b 179.12 b 470.00      3.60b 
SEM 5.51 7.19 0.73 10.53 9.71 7.04 0.20 
Irrigation frequencies        
2 941.11 150.84 97.00 103.33 b 169.94 b 478.89a      4.90 
4 944.44 137.84 97.00 148.33 a 197.95 a 460.74b      4.90 
SEM 4.96 5.65 0.64 8.80 7.57 5.59 0.40 
P- value        
Manure 0.3966 0.1405 0.0227 <.0001 0.3773 0.0007                                                0.0562
Species 0.0051 0.2021 0.0743 <.0001 0.2098 0.1963 <.0001 
Irrigation frequencies 0.6076 0.1157 1.0000 <.0001 0.0119 0.0117                                                0.4518
Species x manure rates <.0001 0.0071 0.0460 <.0001 0.0126 0.0071                                                0.5423
Species x irrigation  0.0227 0.1720 0.4449 <.0001 0.0218 0.0432                                                0..2089
Manure rates x irrigation  0.3896 0.0003 <.0001 <.0001 0.0629 <.0001 0.2916 
Species x manure rates x 
Irrigation  
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0039 
a,b,c 
Means on the same column having different superscripts are significantly different (P<0.05), SEM-
Standard error of mean 
 
 The NDF content of legumes obtained in 
this study was higher than that of Phaseolus 
calcaratus hay (42.5 %) as reported by 22. The 
differences could be attributed to the age of 
plant because the amount of NDF in forage 
increased linearly with the age of plant. 
Increased in NDF and ADF in stems indicated 
the formation of tannin– fibre complexes that 
are not solubilized in the acid detergent 
solution (23). 
 Tannins are phenolic compounds that form 
complexes particularly with proteins and thus 
may act as anti-nutritional agent at higher 
concentrations (>50 g/kg plant DM) and 
reduce voluntary feed intake (24). Low 
condensed tannin concentrations (3.60–6.60 g 
kg
-1
) obtained in this study may have no 
negative effect upon voluntary feed intake nor 
may not reduce protein solubility (22). 
 Table 2 shows the effects of irrigation 
frequency and manure rate on the in vitro 
nutrients digestibility of herbaceous legume 
species. Digestibility of DM and CP was 
highest (P<0.05) in legumes fertilized with 10 
tonha
-1
 manure while it was lowest in NDF 
content. Highest CP content of legumes 
fertilized with 10 tonha
-1
of manure played 
significant role in improving digestibility of 
protein as crude protein digestibility (CPD) 
was highest in legumes fertilized with 10 
tonha
-1
of manure. This result was in line with 
the report by 25 who stated that concentration 
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of CP in a feedstuff affect its digestibility. The 
values for CPD in this study ranges from 
42.5% – 59.5% which compares with the 
report by 26 for Dolichos lablab (56.5%). 
Highest CPD could be attributed to high 
uptake of nitrogen from soil rich in manure 
which makes the nutrient more available in 
legume parts for ruminant utilization.  
 
Table 2: Effect of swine manure rates and irrigation frequencies on the CPD, DMD and 
NDFD of M. pruriens, L. purpureus and V. unguiculata using in vitro gas production 
technique
Factors DMD (%) CPD (%) NDFD (%)
Manure (tonha-1)
0 52.98b 42.50c 45.36a
5 52.99b 50.50b 42.42b
10 63.98a 59.50a 41.59c
SEM 4.70 0.56 1.33
Species
Mucuna pruriens 62.22a 58.00a 48.56a
Lablab purpureus 45.32b 51.00b 42.11b
Vigna unguiculata 62.22a 44.50c 38.69c
SEM 4.33 0.55 0.94
Irrigation frequencies
2 55.39b 49.50b 43.79a
4 57.91a 52.50a 42.45b
SEM 0.05 0.49 1.11
P-value
Manure <.0001 <.0001 <.0001
Species <.0001 <.0001 <.0001
Irrigation frequencies <.0001 <.0001 <.0001
Species x manure rates <.0001 <.0001 <.0001
Species x irrigation <.0001 <.0001 <.0001
Manure rates x irrigation <.0001 <.0001 <.0001
Species x manure rates x Irrigation <.0001 <.0001 <.0001
abc: Means in same column with different superscripts are significantly (p<0.05) dif ferent 
SEM = Standard Error of Mean; CPD = Crude protein digestibility; DMD = Dry matter 
digestibility; NDFD = Neutral detergent fibre digestibility  
  
The total volatile fatty acids obtained in this 
study (Table 3) were higher than values of 80.9 
to 93.4 mmol L
-1
 reported in ruminal fluid of 
cattle fed cassava foliage by 27. It represents a 
good profile with values between a minimum 
of 2mg/100ml
-1
 (28) and a maximum of 30mg 
100ml
-1
 (29) suggested for maximum 
microbial growth in the rumen. The pH range 
(6.3 to 6.6) obtained across treatments were 
within the normal range (pH 6 to 7) reported as 
optimal for microbial digestion of fibre and 
protein (30, 31).  
 Acetic and propionic acid contents 
obtained in the in vitro supernatant was higher 
than the values 66.35-70.85 mol/100mol and 
20.75-23.4 mol/100mol for acetic and 
propionic acids respectively reported by 32 
when sheep were fed different tropical 
roughages. The variation observed could be as 
a result of higher nutrients in the legumes 
compared with the roughages. 
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Table 3: Effects of swine manure rate and irrigation frequencies on the fermentative 















Temp (0C) pH 
Manure (tonha-1)        
0 1.41a 0.14a 0.94a 112.0c 7.85b 24.55a 6.64a  
5 0.93b 0.09b 0.61b 163.0a 7.12c 24.52ab 6.42b 
10 1.08ab 0.10ab 0.72ab 139.0b 7.97a 24.49b 6.38c 
SEM 0.16 0.02 0.01 11.0 0.26 0.06 0.04 
Species        
Mucuna pruriens 1.53a 0.15a 1.02a 129.0b 6.66c 24.50b 6.53b 
Lablab purpureus 0.95b 0.09b 0.63b 142.0a 8.19a 24.33c 6.59a 
Vigna unguiculata 0.94b 0.09b 0.63b 141.0a 8.08b 24.72a 6.32c 
SEM 0.14 0.02 0.09 22.0 0.21 0.04 0.04 
Irrigation frequencies        
2 1.04 0.10 0.69 155.0 7.73 a 24.60 a 6.45 b 
4 1.25 0.12 0.83 187.0 7.56b 24.44b 6.52a 
SEM 0.13 0.01 0.09 19.00 0.22 0.04 0.05 
P-value        
Manure  0.5623 0.5623 0.5623 0.5623 <.0001 0.0030 <.0001 
Species 0.0842 0.0842 0.0842 0.0842 <.0001 <.0001 <.0001 
Irrigation frequencies 0.5087 0.5087 0.5087 0.5087 <.0001 <.0001 <.0001 
Species x manure rates 0.0064 0.0064 0.0064 0.0064 <.0001 <.0001 <.0001 
Species x irrigation  0.0773 0.0773 0.0773 0.0773 <.0001 <.0001 <.0001 
Manure rates x irrigation  0.9387 0.9387 0.9387 0.9387 <.0001 <.0001 <.0001 
Species x manure rates x irrigation  0.1353 0.1353 0.1353 0.1353 <.0001 <.0001 <.0001 
a, b
: Means in same column with different superscripts are significantly (p<0.05) different 
SEM = Standard Error of Mean 
 
 
Manure rate and irrigation frequency showed 
(P<0.05) effect on the microbial contents of 
the selected herbaceous legumes were 
significant (P<0.05) (Table 4). Highest total 
anaerobic bacteria count (TABC) (P<0.05) 
value (1.65x10
6
 CFC/ml) was recorded for 
legumes fertilized with 10tonha 
-1 
manure rate 
while the least value (0.33x10
6
 CFC/ml) was 
found in legumes fertilized with 5tonha
-1
 of 
manure. Protozoa population was highest in V. 
unguiculata (2.91x10
3
 cell/ml), unfertilized 
legumes (3.36 x10
3
 cell/ml) and legumes with 
2 days irrigation frequency (3.11x10
3
 cell/ml) 
(P<0.05). It is possible that high condensed 
tannins (CT) contained in M. pruriens forage 
with lower Protozoa content (2.13x10
3 
cell/ml) may play an important role in 
decreasing Protozoa population. In general, 
CT could lower methanogenesis through 
reductions of numbers of protozoa and 
methanogens (33). Consequently, reduction 
of protozoa and methanogens population 
could decrease greenhouse gases. 34 had 
reported that condensed tannin altered rumen 
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Table 4: Effect of swine manure rates and irrigation frequencies on the microbial contents of M. 
pruriens, L. purpureus and V. Unguiculata using in vitro gas production technique 
Factors TABC (x106 CFU/ml) TFC (x106 CFU/ml) TPC (x103 cell/ml) 
Manure (tonha-1)    
0 0.78b 0.03b 3.36a 
5 0.33c 0.07a 1.90c 
10 1.65a 0.01c 2.33b 
SEM 0.15 0.01 0.39 
P-value 0.00 0.00 0.00 
Species    
Mucuna pruriens  0.68c 0.00c 2.13c 
Lablab purpureus 1.13a 0.03b 2.55b 
Vigna unguiculata 0.95b 0.09a 2.91a 
SEM 0.21 0.01 0.42 
P-value 0.00 0.00 0.00 
Irrigation frequencies    
2 1.13a 0.06a 3.11a 
4 0.53b 0.02b 1.95b 
SEM 0.14 0.01 0.32 
P-value    
Manure (tonha-1) <.0001 <.0001 <.0001 
Species <.0001 <.0001 <.0001 
Irrigation frequencies <.0001 <.0001 <.0001 
Species x manure rates <.0001 <.0001 <.0001 
Species x irrigation  <.0001 <.0001 <.0001 
Manure rates x irrigation  <.0001 <.0001 <.0001 
Species x manure rates x Irrigation  <.0001 <.0001 <.0001 
a,b,c: Means in same column with different superscripts are significantly (p<0.05) different 




Figure 1: Climatic data of FUNAAB from October 2014 to March 2015 (Source: Agro meteorology 
Department, FUNAAB) 
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The low fungi count obtained in the digested 
rumen supernatant of this study could be due 
to low fibre content of these legumes since 35 
showed that fungi were more prevalent in 
ruminants fed high fibre diets than in those fed 
less fibrous ones.  
 
Conclusion and Applications 
1.  It can be concluded that different manure 
application rates and irrigation frequencies 
have significant effect on the digestibility 
and microbial contents of herbaceous 
legumes.  
2.  Legumes fertilised with 10 tonha
-1 
manure 
and irrigated at 4days interval recorded 
higher nutrients digestibility as well as 
microbial contents.  
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